Introduction
The Brazilian Atlantic Rainforest is one of the 25 'hotspots' of the world, i.e., areas that have a high concentration of endemic species and that are liable to significant loss of habitat, containing at least 2% of known plants and vertebrates (Myers et al. 2000) . Recent surveys of Atlantic Forest recognize 13,708 species and 1,782 genera in 208 families of angiosperms, of which 126 genera (7%) and 6,663 species (49%) are endemic to the forests (Stehmann et al. 2009 ).
Analyses of the distribution of Atlantic Forest plant species have identified two or more centers of endemism, depending upon the objectives and organisms being considered (MurraySmith et al. 2008; Fiaschi & Pirani 2009 ). However, a northsouth divide is agreed by most researchers, the northern part of which extends from Rio Grande do Norte to northern Espírito Santo, approximately coinciding with the Rio Doce Valley (Fiaschi & Pirani 2009 ).
In the northern region of the Atlantic Forest two centers of endemism are recognized: Northern Espírito Santo/Bahia and Pernambuco (Thomas et al. 1998) . However, despite the importance and high floristic diversity of the Atlantic Forest (Stehmann et al. 2009 ), a high percentage of the remaining forest area are still poorly studied and the geographic distribution of many taxa incomplete (Fiaschi & Pirani 2009 ). Studies of the extant areas are of fundamental importance to establishing hotspots within the Atlantic Forest (Giulietti et al. 2005; Murray-Smith et al. 2008) , permitting better understanding of species distributions and understanding the possible effects of the Sã o Francisco River as a geographic barrier.
It has been estimated that only 11.73% of the original Atlantic Forest remains (Ribeiro et al. 2009 ). The current situation may be a vicious circle; the better studied areas showing a high diversity and therefore concentrating Atlantic Forest conservation investment. In view of the accelerated rhythm of deforestation the Atlantic Forest has experienced to date (Dean 1996) , specifically the northern sector (Freyre 2004) , it is necessary to ensure that poorly studied areas are inventoried urgently, since many are threatened, in spite of the Brazilian legal protection instruments (Law N6 11.428/ 2006) . Throughout the Atlantic Forest northern sector, the forest fragments are vulnerable, due to their high timber value, and extreme reduction and fragmentation (Ranta et al. 1998; Tabarelli et al. 2006) .
In Sergipe, the Atlantic Forest covered the whole coastal zone, occupying a strip approximately 40 km wide. At the beginning of the 20th century, it was estimated that 41% of the state was covered by forests (Campos, 1912) ; recent estimates show that Atlantic Forest covers only 9% of its original area in the state (Fundaçã o SOS Mata Atlâ ntica/INPE 2005) . In this region, forest vulnerability is increased by the gently rolling landscape and by the low social-economic level of the population which exploits forest fragments for fuelwood, building and hunting.
Sergipe was one of the last Brazilian States to have its flora investigated scientifically. In the 19th century it was visited only by George Gardner, who collected 210 samples from around the mouth of the Sã o Francisco River, in 1838. Although some of these samples state ''Bahia'' as their location, he goes on to cite the Villa de Propriá (Stephen Harris, OXF, pers. comm.), and Propriá is now part of Sergipe. Herbarium specimens made available by CRIA (2013) reveal only sporadic collections in the 20th century. One collection by J.G. Kuhlmann (RB) from 1923 and some collections by D. Andrade-Lima from the 1950s and 1960s were found. Significant sampling of the Sergipe flora did not start until the 1970s, with the foundation of the ASE herbarium at the Universidade Federal de Sergipe.
The Atlantic Forest fragments of Sergipe have attracted little attention. However, investigations of these fragments have shown they are important for conservation (Landim & Siqueira 2001) because of their floristic diversity, and for harboring rare and threatened animals, such as Callicebus coimbrai, a recently described primate, found almost exclusively in Atlantic Forest remnants of Sergipe (Brasil/MMA 2003 , Jerusalinsky et al. 2006 , Veiga et al. 2008 ).
The southern part of Sergipe has several Atlantic Forest remnants important for conservation, and the Litoral e complexo das matas do sul de Sergipe region was considered one of the areas of the highest importance and urgency amongst those selected for immediate action (BRASIL/MMA 2007). The present study aimed to characterize floristically the largest Atlantic Forest fragment in southern Sergipe. Additionally, the flora of this fragment was compared to other fragments in the northern sector of the Brazilian Atlantic Forest, to find similarities between them.
Materials and methods

Study area
This study was undertaken in the Mata do Crasto (11622' S, 37625' W), an ombrophilous lowland forest remnant of ca. 1,000 ha, with altitudes from 5 to 90m, located in the Santa Luzia do Itanhy Municipality, Sergipe. The region is situated in the Piauí River basin; its climate is classified as coastal wet with strongly seasonal precipitation, with rainfall concentrated in the middle of the year. 
Data sampling and analysis
Monthly collections were made in the study area mainly between 1995 and 1999. The material was collected and dried using standard herbarium techniques (Mori et al. 1989 ) and deposited in the Universidade Federal de Sergipe (ASE) herbarium. Duplicates were distributed to other herbaria, particularly in northeastern Brazil, but also to Universidade de Brasília (UB), Instituto de Botâ nica de Sã o Paulo (SP), Jardim Botâ nico do Rio de Janeiro (RB) and Arizona State University (ASU) herbaria.
Family and species circumscription, as well as spelling and authorities adopted for scientific names, followed, except when explicitly informed, the Lista de Espécies da Flora do Brasil (2014). The listed vouchers are those with the widest distribution in herbaria, selected from the examined material. Information on plant habits was obtained from herbarium material and, when these were missing, from the literature. A species was considered as ''previously recorded from Sergipe'' when it was either cited in Lista de Espécies da Flora do Brasil (2014) or in Volume 1 of Flora de Sergipe .
Taxonomic richness (Warwick & Clarke 1995; Clarke & Warwick 1998) of the Mata do Crasto fragment was compared with that of similar floristic inventories (i.e., those that included all angiosperms, independent of habit) and in similar phytophysiognomies (ombrophilous forests or semi-deciduous lowland forests) in other states of the northern sector of the Atlantic Forest. This index, calculated from presence and absence data, records the average distance between two species chosen at random (Clarke & Warwick 1998 (Hammer et al. 2001) . Four taxonomic levels (order, family, genus and species) were adopted and the same step length (=1) was used to attribute weight to distances between the different levels (Clarke & Warwick 1999) .
Results and discussion
Floristic composition
The Mata do Crasto floristic list recorded 324 species of which 21 (6.5%) were identified only to genus and two (0.6%) only to family (Tabel 1). The floristic list recorded 84 families and 193 genera. Over a third of the species were new occurrences for Sergipe: 129 (30%) new species occurrences, 29 new generic occurrences and four new family occurrences (Humiriaceae, Onagraceae, Smilacaceae and Vochysiaceae) according to data available in the Lista de Espécies da Flora do Brasil (2014).
Although species accepted in the Lista de Espécies da Flora do Brasil (2014) were adopted as the taxonomic standard, three species not recognized by this list (not even as synonyms) were accepted: Trichilia lepidota Mart. subsp. ferruginea T.D. Penn. (Amorim 1484) was maintained since it is an isotype; Tibouchina asperifolia Cogn. (Landim 759 ) is accepted by The Plant List (2013) and by Melastomataceae.Net (2013) ; and Pisonia cordifolia Mart. ex J.A.Schmidt is an unresolved name in The Plant List (2013) (http://www.theplantlist.org/tpl/record/ kew-2552380).
The most speciose families (Figure 1 ), Fabaceae (33 species), Rubiaceae (24 species), Myrtaceae (23 species) and Melastomataceae (15 species), account for 30% of the species in the Mata do Crasto. These four families are amongst the nine most diverse families in the Atlantic Forest (Stehmann et al. 2009 ). In a study of Atlantic Forest in southern Bahia, Ubatuba (SP) and Porto Alegre (Rio Grande do Sul) these families were also important but the Fabaceae are more speciose in the Mata do Crasto than in either of these areas and the Myrtaceae, proportionally, less important (Leitão Filho, 1987) . However, in a wider and more recent survey of Atlantic Forest, Oliveira-Filho & Fontes' (2000) conclusions were more similar to those reported here. According to their results, the four most speciose families in the Mata do Crasto are also the five most speciose families in lowland pluvial Atlantic forests, considering the Fabaceae as a single family (sensu APG III, Reveal & Chase 2011). The apparent similarity of the Mata do Crasto to other areas should be interpreted with caution since the database used by OliveiraFilho & Fontes (2000) did not consider areas north of southern Bahia. Differences in collection effort and subtle alterations in methodologies, together with differential attention to forest strata can also influence richness results and bias comparisons of family richness.
In the Mata do Crasto, there are 33 species in 20 genera in the Fabaceae, the second most speciose family in the Atlantic Forest domain (Stehmann et al. 2009 ), corresponding to 26% and 36%, respectively, of the total numbers of species and genera known in Sergipe (Lima et al. 2013) . In surveys of the northeast (Rodal et al. 2005 , Barbosa et al., 2011 and in the southeast (Ivanauskas & Rodrigues 2000 , Peixoto et al. 2004 , Zipparro et al. 2005 , Rolim et al. 2006 ) regions of the Atlantic Forest, the Fabaceae is usually the most speciose family.
The most speciose genera of Fabaceae in the Mata do Crasto were Inga and Senna (four and six species, respectively). Inga is the eighth most speciose genus in lowland pluvial Atlantic forest (Stehmann et al. 2009 ) and one of the two Fabaceae genera included in the 21 most diverse genera in these communities by Oliveira-Filho & Fontes (2000) . Physiognomically, Tachigali densiflora (Benth.) L.F. Gomes da Silva & H.C. Lima, a large emergent tree very characteristic of the Sergipe Atlantic Forest remnants is a prominent component; this Caesalpinoid Legume occurs in Minas Gerais and then northwards in all the coastal states up to northeastern Paraíba (Lima et al. 2013 ). The Rubiaceae is the second most speciose family in the Mata do Crasto, with 24 species in 12 genera; 61% and 46% of the total number of Rubiaceae species and genera, respectively, recorded from Sergipe (Barbosa et al. 2013 ). This family is the ninth most speciose in Atlantic Forest (Stehmann et al. 2009 ) and the third most speciose in lowland Atlantic pluvial forest (Oliveira-Filho & Fontes 2000) . Psychotria and Borreria were the richest genera (seven and four species, respectively).
Seven genera and 23 species of Myrtaceae were recorded from the Mata do Crasto. Although eight genera and 35 species of Myrtaceae are cited from Sergipe in the Lista de Espécies do Brasil (Sobral et al. 2013) , recent compilations increase these numbers up to ten genera and 60 species (Proença et al. 2013 ) . The 23 species of Myrtaceae recorded in this forest remnant correspond to 38% of this latter total. Myrcia (nine species), Eugenia (five species) and Campomanesia (four species) are the most diverse genera. Amongst the genera with most species in lowland pluvial Atlantic forests, Eugenia and Myrcia are two of the most speciose (70 and 37 species, respectively). Marlierea, represented in the Mata do Crasto by a single species, M. excoriata, is the sixth most speciose (22 species; Oliveira-Filho & Fontes 2000) .
Myrtaceae is the third most speciose family in the Mata do Crasto, although it was the sixth most speciose family in the Atlantic Forest domain (Stehmann et al. 2009 ) and the most speciose in lowland pluvial Atlantic Forest (Oliveira-Filho & Fontes 2000) . This family appears to be most important in the Southeastern Atlantic forests , Zipparro et al. 2005 , Ivanauskas & Rodrigues, 2000 , Peixoto et al. 2004 , Rolim et al. 2006 .
In the northern sector, Myrtaceae seems to be less important: it was forth most speciose family in a seasonal lowland forest near the coast of Pernambuco (Rodal et al. 2005) and was not even listed amongst the six most speciose families in a survey in coastal Paraíba (Pereira & Alves 2006) or in a study in Alagoas (Oliveira et al. 2005) , and it was only seventh in three areas of montane Atlantic forest in southern Bahia (Amorim et al. 2009 ). However, a survey of an area of lowland Atlantic Forest in Pernambuco (Amorim & Alves 2011) reported the same number of species of Myrtaceae as in this study. Although the distance between the two areas is less than 600 km, these two areas together have 35 species of Myrtaceae, of which 11 were shared.
In a study using Myrcia as an indicator genus of local biodiversity hotspots within the Atlantic Forest domain (Murray-Smith et al. 2008) , the Atlantic Forest was subdivided in squares of 16 latitude x 16 longitude, to which nine levels of richness were allocated, based on the number of Myrcia species present, with level 1 the poorest (''0-1 species'') and level 9 the richest (''29-49 species''). Although the square in which the Mata do Crasto is found (11-126 S x 37-386 W) was classified in their study as level 3 (''5-8 species''), our data, associated with additional collections from the ASE herbarium, have shown that this square actually has at least 13 species of Myrcia and should have been classified in the intermediate level 5 (''12-14 species''). These findings reinforce the relevance of the present study results for the current analyses of the biodiversity distribution pattern in the Brazilian Atlantic Rainforest.
Habits
Most of the species collected in the Mata do Crasto belong to the tree/shrub layer, followed by the subshrub/herb layer. Higher percentages of species in the tree layer were registered in Atlantic Forest fragments in north-eastern and south-eastern Brazil (Table 2) , accounting for over half the species in Pernambuco and Sã o Paulo. In a study carried out in another type of forest found in the Brazilian northeast, a fragment of montane forest in the municipality of Brejo da Madre de Deus, in Pernambuco (Nascimento, Rodal & Silva 2012) , the tree habit was also the best represented (50% of all species).
It was proposed by Gentry & Dodson (1987) that trees contribute relatively little towards the high species diversity in tropical forests, and that is partially confirmed by the significant percentage of lianas, herbaceous climbers and herbs found in this study. Richards (1996) emphasizes the preponderance of woody phanerophytes in tropical rainforests (includes trees as well as shrubs and climbers) and the importance of epiphyte species over ground herbs, stressing, however, the difficulties in comparing life-form spectra from different studies.
A smaller comparative importance of climbers and epiphytes might be expected in the Mata do Crasto, and in forests of the northeast, in general, due to the smaller total rainfall, higher seasonality and high inter-annual variation in precipitation. In fact, the importance of epiphytes in the Mata do Crasto is lower than in almost all other areas with which it was compared in Table 2 , suggesting that the quantity and annual distribution of rainfall may limit establishment of epiphytes in this forest fragment. On the other hand, percentages of climbers and lianas are similar to those of forest fragments in Bahia. Although species of epiphytes are sometimes eliminated from the forests with increased disturbance by man, some species may flourish under these conditions (Hietz et al. 2006 ). Likewise, lianes may be favored by the more open forest canopy that often results from selective cutting and other forms of disturbance (Schnitzer & Bongers 2002) .
However, it is possible that the relative importance of non arboreal species may still remain underestimated in many floristic surveys (Linares-Palomino et al. 2009 ). Although collecting tall trees may be a difficult task, the difficulty in identifying vegetative stage of lianas and epiphytes specimens in the field, and, sometimes, the requirement of specialized equipment to collect them, it is possible that these life forms are yet insufficiently sampled in the Mata do Crasto. Future efforts should concentrate on this layer to strengthen conservation planning that covers the whole diversity of tropical forests, and not only of the tree stratum (Gentry, 1992) .
Taxonomic diversity and distinction. Few published floristic studies are comparable to the Mata do Crasto study, encompassing the whole Angiosperm community of a significant remnant of lowland ombrophilous Forest. Most floristic inventories found in Northeastern states include only woody plants and/or were undertaken in different forest types, such as montane, caducifolius and/or inland forests. Only three comparable studies have been found in states of Pernambuco (Rodal et. al 2005) and Alagoas (Oliveira et al. 2005) , both north of the São Francisco River, and one in Bahia (Amorim et al. 2008) , that is South of the São Francisco River.
A total of 1,457 angiosperm species were recorded across the four sites. The Bahia and Alagoas studies were both the most species-rich and comprehensive, with more than one fragment and several different phytophysiognomies included (Table 3 ). The Bahia study, undertaken in 9,000 ha of protected area in the REBIO de Una, included adjacent florestas de tabuleiro (restingas litorâneas, a kind of maritime forest). The Alagoas site covered 8,000 ha, including dozens of Atlantic Forest fragments of various sizes and different degrees of human perturbation (Oliveira et al. 2005) . Our study in the Mata do Crasto, covering a single fragment of 1,000 ha, ranked third in number of species, while the smallest fragment (81 ha), in Pernambuco (Santos et al. 2001 cited by Rodal et al. 2005) , was the one in which the smallest number of species was recorded. The large differences in sampled area amongst three of these studies likely influence the numbers of species recorded. Study area size is strongly correlated with the number of species recorded as large areas are more likely to include (2000) study was apparently the first to apply measures of taxonomic diversity and distinctness to angiosperms, analyzing tree species of tropical forests in Borneo. But, with the exception of the work of Dominguez et al. (2010) , comparing angiosperm floras in the Hawaiian and Canarian archipelagos, no other study was found encompassing the whole angiosperm flora present in an area.
Measures of diversity that incorporate phylogenetic distance among species are thought to be better than more traditional measures (Cianciaruso, Silva & Batalha 2009 ). Measures of taxonomic diversity and distinction include a dimension of phylogenetic diversity that is more closely related to functional diversity than species richness. Such indices are apparently less sensitive to sample size than conventional ecological indices, such as richness and equitability. They also appear independent of sampling effort, permitting comparisons among studies with different degrees of sampling effort. However, identification influences all indices and it is critical that care is taken that this is done as completely and as accurately as possible (Clarke & Warwick 1998 . Identification is a problem in families where species are notoriously hard to distinguish (e.g., Myrtaceae) and incomplete identification of such families is frequent in floristic studies due to the cryptic nature of distinguishing characters (McVaugh 1968, Landrum and Kawasaki 1997 (Gwali et al. 2010) ; these data were also based only on the woody flora, using three taxonomic levels (Family, Genus and Species).
The high similarity among the Taxonomic Distinctiness indices between these four areas was unexpected, especially since they differ to each other in total number of families, genera and species, and that all four had many exclusive species (47-75%). Given its intermediate position, both geographically and in size, between the larger (and richer) Bahia and Alagoas sites, the relatively high proportion (51%) of species uniqueness at the Mata do Crasto site is striking. Although physiognomically similar, this data suggests Northeastern Atlantic forests are not floristically uniform.
Usually, large areas have a greater proportion of species per genus and species per family than small areas. In our study, however, the highest proportions of species per family (3.1) were found in Pernambuco, the smallest area; conversely, the number of species per genera (1.3) in this fragment was much lower than elsewhere. Values of species per family for our study (1.6) were between the Alagoas (1.4) and Bahia (1.9) studies; this value thus follows a geographic gradient diminishing northwards. In species per family, however, the Mata do Crasto value (3.6) was lower than either the Bahia (7.3) or Alagoas studies (5.3) that included more than one fragment and forest type.
Shared species between studies was surprisingly low: only 15 species (1%) were common to all four studies, even when possible synonyms were accounted for. Conversely, the number of species exclusive to a single study was very high varying from 85 exclusive species (47%) in Pernambuco to 629 (76%) in Bahia. The Alagoas study and our study showed intermediate values; Alagoas had a higher number of exclusive species (306) than the Mata do Crasto (151), but the percentages of exclusive species were similar (58 and 51%, respectively). Exclusive species thus seem to diminish approximately northwards.
The results were also analyzed considering the Sã o Francisco River (SF) as a potential dispersal barrier. Two hundred and fifteen species (15%) had distributions that crossed the Sã o Francisco river (i.e., that are shared between all, three or two studies that crossed the river). The percentage of exclusive species in the studies south of the Sã o Francisco River (Alagoas and Bahia) is nearly twice (822 species, 56%) that of those North of the river (420 species, 29%); however, these results may be influenced by the different number of fragment and forest types included in these studies (Oliveira, analysis is beyond the scope of this study but it is noteworthy that although Fabaceae was the most speciose family in the three distribution classes (widespread, SF-south, and SPsouth), Rubiaceae was the second most important family only amongst the SF-south species (55) and widespread species (19), and was substituted by the Orchidaceae (33 species) in the SFnorth species. It was also observed that SF-south species were distributed in more families (114) than either SF-north species (90 families) or widespread species (67 families).
Conclusion
This study has contributed an additional 96 species to the Sergipe flora, and increased knowledge of their geographic distribution and that of other species in the Atlantic forests of the Northeast. Northeastern Atlantic Forest fragments subject to somewhat similar environmental characteristics may have significantly different floristic compositions, and a high proportion of exclusive species, although taxonomic diversity appears to be relatively stable. Considering the strong level of anthropogenic pressure on the northeastern Atlantic Forest remnants, it is possible that much of its native diversity has already been lost, particularly rare species and the ones that are most sensitive to habitat alteration, thus creating false ''disjunctions'' in their distributions. Other possibilities are that many species have spatial or temporal casuistic mosaic-like distribution patterns, or that the existence of many continuous, but regional, species is responsible for the observed pattern. Additional floristic inventories in Atlantic Forest fragments, particularly, but not exclusively, in the Northeast are needed to clarify individual species' distribution patterns and also forest type distribution patterns.
Studies that increase comprehension of structure, function and environmental causes are necessary to ensure the effective conservation of Atlantic forests. To be effective, these should occur at a rate that preempts the accelerating rates of deforestation. Many threats, and their synergies, lead to a decline in populations of Neotropical tree species, which can produce chains of events that influence ecological services (Tabarelli, Silva & Gascon 2004) . Such considerations have lead to some authors questioning the conservation value of small forest fragments for long-term Atlantic Forest preservation (Tabarelli, Mantovani & Peres 1999) . In Pernambuco, for example, almost half of the fragments analyzed in the south of the state had an area above 10 ha, but only 7% were above 100 ha (Ranta et al. 1998 ). This highlights the importance of the Mata do Crasto, an Atlantic Forest fragment of ca. 1,000 ha, for the effective conservation of the floristic and faunistic diversity of the northeastern Atlantic Forest.
Therefore, the first of the recommendations made by Landim & Landrum (2002) regarding the knowledge of Sergipe's flora, increasing sampling effort, remains valid, but the last two ones must not be forgotten: the urgent need to study Brazil's Northeastern flora, including herbarium material, and a simultaneous investment in taxonomic training. In this context, the first volume of the Flora de Sergipe ) is an important contribution. In order to understand species richness and distribution in Sergipe, other rainforest fragments (in the municipalities of Indiaroba, Itaporanga d'Ajuda, Sã o Cristóvã o and Japaratuba) are also being studied and inventoried.
